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(54) Title: HUMAN BONE STIMULATING FACTOR 
(57) Abstract 

Polypeptides from human blood serum have been found to 
increase bone growth in rats. Useful to promote bone growth in 
mammals, and/or the treatment of osteoporosis. One polypeptide has 
the seventy amino acid sequence of NAP-2; Ala Glu Leu Arg Cys 
Met Cys He Lys Thr Thr Ser Giy lie His Pro Lys Asn Oe Gin Ser 
Leu Glu Val Be Gly Lys Gly Thx His Cys Asn Gin Val Glu Val 
lie Ala Thr Leu Lys Asp Gly Arg Lys Be Cys Leu Asp Pro Asp 
Ala Pro Arg lie Lys Lys He Val Gin Lys Lys Leu Ala Gly Asp Glu 
Ser Ala Asp. The other polypeptide has the seventy-five amino add 
sequence of a previously sequenced variant of NAP-2: Asp Ser Asp 
Leu Tyr Ala Glu Leu Arg Cys Met Cys lie Lys Thr Thr Ser Gly lie 
His Pro Lys Asn lie Gin Ser Leu Glu Val lie Gly Lys Gly Thr His 
Cys Asn Gin Val Glu Val lie Ala Thr Leu Lys Asp Gly Arg Lys De 
Cys Leu Asp Pro Asp Ala Pro Arg lie Lys Lys Be Val Gin Lys Lys 
Leu Ala Gly Asp Glu Ser Ala Asp. Both polypeptides have been 
found to increase bone growth in rats. 
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HUMAN BONE STIMULATING FACTOR 

It is known that even in the adult human, bone is subject to turnover. In certain 
locations, such as the internal auditory capsule, there is apparently no turnover after the organ is 
formed. In other locations, particularly in the central skeletal axis, the turnover appears to continue 
5 during adulthood. Bone turnover occurs on the surface of the existing bone matrix, which is composed 
of protein (mainly collagen) and minerals. Bone turnover is initiated with the destruction of bone 
matrix by osteoclasts. The osteoclast is * nrnitrmif i^aied egli -which mrrrtfn arid proteolytic 
enzymes leading to the lysis of the collagen matrix protein and the release of minerals into the 
extracellular fluid compartment. Following this initial phase of bone destruction, or resorptive phase, 

10 formation of new bone protein matrix sea in. New bone proteins art deposited, and sometime later, 
minerals begin to be incorporated into the newly formed matrix. The formation of bone matrix and its 
subsequent mineralization axe functions of osteoblasts, which are mononucleated cells. The formation 
phase is often followed by a period of inactivity (1,2). In vivo, resorption appears to be tightly 
coupled with formation (3) and bone turnover is thus a succession of events, the location of which is 

IS known as the Bone Metabolism Unit or the BMU. Osteoblasts and osteoclasts, the putative mediators 
of bone turnover are thought to belong to two distinct cell lineages. These two cell types are not 
preformed cells, but they differentiate from their pre c urs o rs through cell activation (4 f 5,6). 

Bone matrix can either be irmTntanirri by a cessation of bone turnover as for the bone 
of the internal auditory capsule, or by a balance between resorption and formation. In many studies on 

20 skeletal changes in relation to age, a gain in the total body bone volume is observed during the growth 
period and the skeletal mass reaches a maximum during early adulthood. This gain is followed by a 
fall in bone volume with age. In females, a phase of more rapid bone loss often occurs during the 
perimenopausal period before a slower steadier phase. For this reason, bone loss in the female tends to 
be more severe than in the male. An understanding of bone balance in the BMU may thus be critical 

25 to understanding the pathogenesis of skeletal aging. In any case, mechanisms controlling bone turnover 
are complex and are not well understood at this time. The complexity of the control mechanisms has 
resulted in a variety of approaches to reducing bone loss. 

Bone turnover can be regulated at two different stages. It can be regulated at the stage 
of the activation of precursor cells. Regulators of cellular activation can control not only the number 

30 of active BMU in the skeleton, but possibly also the number of osteoclasts and osteoblasts in an 
individual BMU. Bone turnover secondly can be regulated at the level of differentiated bone cells. 
The complexity of the bone cell system makes the separate study of these two levels of regulation 
difficult (3). 

Regulators of bone cells appear to fall into two categories. The first type interacts 
35 with specific receptors on cell membranes. One class of these regulators acts through the adenylate 
cyclase system with the generation of intra-cellular cyclic AMP as the second messenger acting on the 
protein kinase K system. Parathyroid hormone (PTH) and calcitonin (CT) belong to this class (7). A 
second class also interacts with a membrane receptor and results in the intracellular release of a 
molecule derived from phosphoinositides which in turn leads to an increase in intracellular calcium and 
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arfvadonofKin^C A ^ ci« invo.va io^ rf * reguUro, wifo . ^ ^ ^ 
but the second signal is generated by die receptor molecule itself with the subsequent activadonoT 
^Kinase. Many of the growth fcctora appear to act in this w* (g.,5). Region Ming into 
. ^second category do nminuraa with a cell ine^r^ 

5 bind^.q^^. m,^^ 1m ^^^ mllmamtam 
cyctosolic receptor to interact with the DNA resulting in increased transcription of specific genes 
Steroid hormones, including vitamin D, appear to act in this manner (16). 

^ Many hormone, stimulate dtepnuif^ These include l ,25(0*™ 

u« two normoi»sem to have no effeaOT osteon However, when 

osteoclasts are a^ulturedwhhos^ 

prehferadon of osteoclasts. IL-1 and TNP appear to aa in a similar way aa PTH and l,25(OH)^> 
Other growth factors, like EGP, TFG and PDGF appear to stimulate osteoclasts through increased 
Ruction of PGR Calcttonmandcortic^^ 
15 chemicals such as diphosphonatcs. 

It is c«nently believed tl^huexieu^ 
bone protein and DNA synthesis. The effect aa bone pro** ayofoo* „ ^ by fodomefoKb, 
^ugg^dutdu.^oflUi.med^ 

the IL-, effect on osteoblast DNA synthesis, m culture studies on osteoblast-like cdl lines suggest ft- 
20 some locally produced growth factors stimulate DNA and ooUagen synthesis. In bone cell culture 

PTH or ^nfoDsuppresres collagen synfoe*. This in vitro effect of PTH contrasts with the in vivo 
^o^ a ^^^ a9ai ^ admas Uhasbe^demons^foratsandin 
^ hyperpararhyroid patients that PTH can stimulate the deporidon of nunerali^ ^ ^ 
Preluninaiy clinical trial studies on the efficacy of the PTH 1 54 „min„ 

. ' riti 1 M ammo acid fragment in the treatment 

25 of osteoporosis indicate that this PTH fragment can increase the tmh^.i,, 

.. c increase tne trabecular volume. The reason for this 

discrepancy is not yet folly explained. 

Paramyroid hormone is. peptide of 84 am^ 
t-nslated pre-pro^rathyroid hormone is much larger , the pre sequence being a signal sequence which 
•s cleaved when the peptide enten the reugh endoplasmic reticulum. In the golgi apparatus foe 
P-^que^ is cleaved off leaving^ fi 
appears that n^ulation of the rate of se^ 
ut^uh, peptide, bm fo dm rate of inn^u^ 
Inoacellularly. foe mature peptide is «™ncated at bofo the anfom and tte 

^^ndemaybeseoetedi^ Tue secretion of the nuuure 

pepudecanbestmmlatedby.oropmtheext^^ An elevated serum 

^-^-^.teh-^,.^*^^ Once fo circulation. 

foeagammo^reaidue. The s^ ^ tt ^ ^ ^ .^L^L* 
^ and, carries the fuU^ , 
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and die bone. It also binds fully to the cell membrane receptor to stimulate cAMP production. The 
level of the 1-38 fragment in the serum is normally immeasurable *nHj«iriTig that it has t short 
circulatory life. The larger inactive carboxyl terminal fragment has a relatively long half life and 
carries the highest proportion of the i mmiin ore a ctive PTH in the circulatory system. All fragments in 
5 circulation art eventually destroyed in the kidney and the liver. One of the renal mechanisms for 
elimination of the circulating inactive PTH fragments is glomerular filtration (17). 

PTH participates in calcium and skeletal homeostasis. PTH stimulates the tubular 
resorption of calcium by die kidney and inhibits the reabsorpdon of phosphate and bicarbonate by the 
proximal renal tubules. A second effect of PTH on the kidney is the stimulation of l,25(OH)jD 

10 production. This vitamin D metabolite is an in vivo stimulator of osteoclasts as well as an enhancer of 
intestinal calcium absorption. The increase in calcium absorption by the intestine following PTH 
stimulation is mediated by this vitamin D metabolite. In vivo, PTH stimulates osteoclastic bone 
resorption with die release of calcium into the circulation. PTH also causes proliferation of osteoblasts 
(18). In many cases of hyperparathyroidism there is a skeletal loss. However, an increase in spinal 

IS density has been reported in some cases of primary hyperparathyroidism (19*20,21) as well aa in 
secondary hyperparathyroidism complicating renal failure. Kalu and Walker have observed that 
chronic administration of low doses of parathyroid extract led to sclerosis of bone in the rat (22). Tarn 
et al. studied the effect of low calcium diet on die bone mineral apposition rate in the rat by 
tetracycline labelling and found that despite the loss of bone due to increase in bone resorption 

20 histologically (as si result of secondary hyperparathyroidism), the bone mineral apposition rate was 
increased (23). It was also found that die bone mineral apposition rate was increased in 23 human 
patients with mild primary hyperparathyroidism (24). After successful removal of parathyroid adenoma 
from four of the patients, the rate returned to the level observed in control subjects. There has also 
been found to be a dose dependent stimulation of the mineral apposition rate by PTH. The potency of 

25 the 1-34 fragment and the intact PTH hormone appears to be about the same on a molar basis. This is 
consistent with the 1-34 fragment of the PTH molecule carrying the biological activity of the intact 
hormone. It has also been observed that die end result of the administration of PTH on skeletal 
homeostasis depends cm how die hormone is administered. For die s ame daily dose, the bone volume 
shows a dose dependent increase if the daily dose of the hormone is given as one single injection. 

30 However, when the same daily dose is administered by continuous infusion with a subcutaneous 
miniosmotic pump, the result is bone loss. Intermittent injection causes practically no effect on the 
serum calcium levels whereas infusion causes a dose dependent increase in the serum calcium. The 
effects of PTH administered by these two routes on bone mineral apposition rate as measured by 
tetracycline labelling are the same. What accounts for this differential effect is not understood (25). 

35 Given the general understanding of bone growth and its regulation, varioua 

approaches to treatment of diseases involving reduction of bone mass and accompanying disorders are 
exemplified in the patent literature. For example, PCT Patent' Application No. 9215615 published 
September 17, 1992 describes a protein derived from a porcine pancreas which acts to depress serum 
calcium levels for treatment of bone disorders that cause elevation of serum ca lcium levels. European 
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Patent Application No. 504938 published September 23. 1992 describes the use of di- or tripeptid* 
which inhibit cysteine protease in the treatment of bone diseases. PCT Patent Application No. 92 K 
published September 3. 1992 discloses a composition for inducing bone growth, the composition 
containing activin and bone moiphogenic protein. European Patent Application No. 499242 published 
5 August 19, 1992 describes the use of cell growth factor compositions thought to be useful in bone 
diseases involving bone mass reduction because they cause osteoblast proliferation. PCT Patent 
Application No. 4039656 published June 17, 1992 describes a drag containing the human N-tenninal 
PTH fragment 1 - 37. European Patent Application No. 451867 published September 16, 1991 
describes parathyroid hormone peptide antagonists for treating dysbolism associated with calcium or 
10 phosphoric add, such as osteoporosis. 

The relatively short half life of PTH in the Wood serum and the relatively lengthy 
effect of intermittent PTH injection led the present investigator to the hypothesis that PTH may in some 
way lead to induction of a second factor into the circulatory system. The presence of such a second 
factor in blood serum of rats and of humans has thus been investigated. 

As disclosed in prior international patent application published under WO 94/20615 
on 15 September 1994, it has been found possible to isolate from rat blood serum a polypeptide 
substance which, upon administration to rats incapable of jmaducmg PTH (paramyroidectornized rata), 
produces an increase in the observed bone mineral apposition rate as detennined using tetracyline 
labelling. As also disclosed in the published application, a rrudefe acm ^ based on the amino ad* 
20 sequence of the rat polypeptide has been synthesized and used to screen a human liver cDNA fetal 
library in order to isolate a human nucleic acid sequence coding for a human bone apposition 
polypeptide. A chemically synthesized polypeptide corresponding to a portion of the isolated sequence 
was found to increase the bone apposition rate in rats in a dose dependent fashion as determined using 
tetracyline labelling. 

It has also been possible to isolate a polypeptide from human blood serum capable of 
causing an increased bone mineral apposition rate in parattyroideciomized rats. The first eighteen 
ammo ados of the NHermmus of the human isolam. tenried here "hurnan b^ 
now been determined to resemble a sequence contained in certain previously isolated polypeptides: 
human B-thromboglobulin (BTG). connective tissue-activating peptide ffl (CTAP-m) and a variant of 
30 neutrrmhU-activating peptide (NAP-2). 

The sequence of BTG was published by Poncz aal.in 1991 (26): Gly Lys Glu Glu 
Ser Lea Asp Ser Asp Leu Tyr Ala Glu Leu Aig Cys Met Cys lie Lys Thr Thr Ser Gly He His Pro Lys 
Asn He Gm Ser Leu Glu Val lie Gly Lys Gly Thr His Cys Asn Gin Val Glu Val De Ala Thr Leu Lys 
Asp Gly Arg Lys lie Cys Leu Asp Pro Asp Ala Pro Arg De Lys Lys He Val Gin Lys Lys Leu Ala Gly 
35 Asp Glu Ser Ala Asp (SEQ ID NO. l). 

Warn et al. has published polypeptide sequences identified as neutrophU-activating 
peptide (NAP-2)(27): Ala Glu Leu Arg Cys Met Cys De Lys Thr Thr Ser Gly De His Pro Lys Asn lie 
Gin Ser Leu Glu Val De Gly Lys Gly Thr His Cys Asn Gin Val Glu Val De Ala Thr Leu Lys Asp GJ~ 
Arg Lys ne Cys Leu Asp Pro Asp Afa Pro Arg lie Lys Lys Ik Val Gm Lys Lys Leu AU Gfy I 
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Ser Ala Asp (SEQ ID NO:2); and CTAP-m, (27): Asn Leu Ala Lys Gly Lys Glu Glu Scr Leu Asp 
Scr Asp Leu Tyr Ala Glu Leu Arg Cys Met Cys lie Lys Thr Thr Ser Gly He His Pro Lys Asn De Gin 
Ser Leu Glu Val De Gly Lys Gly Thr His Cys Asn Gin Val Glu Val De Ala Hit Leu Lys Asp Gly Arg 
Lys De Cys Leu Asp Pro Asp Ala Pro Aig ne Lys Lys De Val Gin Lys Lys Leu Ala Gly Asp Glu Ser 
5 Ala Asp (SEQ ID NO:3). These sequences have also been described in PCT Patent Application No. 
9006321 published June 14, 1990. 

Walz et al. also identified a variant of NAP-2 as a cleavage product of the platelet 
cr-gramiie component platelet basic protein (PBP), which is termed here NAP-2V (27): Asp Ser Asp 
Leu Tyr Ala Glu Leu Arg Cys Met Cys lie Lys Thr Thr Ser Gly De His Pro Lys Asn lie Gin Ser Leu 

10 Glu Val lie Gly Lys Gly Thr His Cys Asn Gin Val Glu Val De Ala Thr Leu Lys Asp Gly Arg Lys De 
Cys Leu Asp Pro Asp Ala Pro Arg De Lys Lys De Val Gin Lys Lys Leu Ala Gly Asp Glu Ser Ala Asp 
(SEQ ID NO:4). NAP-2V is related to NAP-2 in that NAP-2V has an additional five amino acid 
residues located at its N-tenmnus and the N-terminns of NAP-2 V resembles the N-terminus of the first 
twenty amino acids of the human bone stimulating factor. 

IS Walz et aL also found that NAP-2V had considerably less neutrophil-stixmilating 

activity than NAP-2 and have postulated that NAP-2 is indicated for use in thet reatmcnt of conditions 
in which an increase of the number or enhancementof the adtvation state of the PMN 
(polymorphonuclear cells - neutrophils) leads to clinical improvement, e.g. in bacterial, mycoplasma, 
yeast and fungal, and in viral infections. NAP-2 was thus suggested as an indication for use in 

20 inflammatory illnesses such as psoriasis, arthritic conditions and asthma. The precise function of either 
NAP-2 or NAP-2V remains unknown, however. 

In any case, chemically synthesized polypeptides having the sequences of ea ch of 
NAP-2 (SEQ ID NO:2) and NAP-2V (SEQ ID NO:4) have now been found to increase bone growth in 
rats. 

25 The present invention thus provides, in a particular aspect, a method of increasing 

bone growth in a mammal by administering a therapeutically effective amount of a polypeptide having 

the amino acid sequence Asp-Ser-Asp-lxu-iyr-AU-Glu-L^ 

Gly-De-His-I¥o-Lya-Asn-De4^ 

De-Ala-Thr-Leu-Lys-Asp-Gly-Ar^ 
30 Lys-Lys-Leu-Ala-Gly-Asp-Glu-Ser-Ala-Asp or the amino add sequence Ala-Glu-Leu-Arg-Cys-Met- 

tys-De-Lys-Thr-lhrnSer^ 

Cys-Aan-Gln-Val-Glu-Val-De-Ala-^ 

Arg-De-Lys-Lys-De-Val-Gln-Lys-Lys-Leu-Ala-Gly-Asp-Glu-Ser-Ala-Asp, a portion of one of the 
sequences capable of increasing bone growth, or a combination thereof. Hie invention includes 
35 administration of a polypeptide having an amino add sequence sufficiently duplicative of one of the 
mentioned sequences to be capable of increasing bone growth in the mammal , or a combination of such 
polypeptides. The method includes administering a therapeutically effective amount of a polypeptide 
having an amino acid sequence having at least about 50%, 60%, 70%, 80% or 90% homology with 
SEQ ID NO: 2, SEQ ID NO:4, or a combination thereof. 
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In another aspect, a method according to the present invention include, inching 
bone growth in a mannnal by angering a therapeutically effective amount of a polypeptide havu 
the amino acid sequence A^-Asp-I^-Ty,.^ ' 

5 ne-Ala-Thr-l^-Lys-Asp^ly-Arg-Lvs-ne^Ixu-Asp-Pro^ 

Lys-Lys-Lcu-AhHGly-Asp^lu-Ser-Ala-Asp. analogues thereof wherein the amino arid, in the sequence 
may be substituted, deleted or added, so long as the bone stimulatory activity in mammals derived from 
the three orntensionaJconfbnnation 

analogue, thereof; the amino acid sequence Ala^Lca.Arg<^^<^ Ite . Lyi . llir . Tllr ^ lv . 
nc -H^Ly»-Asn.D*^ 

Ala-TTu-.Uu-Lys-Asp^ly-Arg-Lya-Ile^Lru-As^ 
Lys-Lys-I^-Ala^ly-Asp^lu^er-Ala-Asp, analogues thereof, conjugates of the polypeptide or 
analogues thereof; or a combination thereof. 

The present invention also includes a method for determining the presence of a 
Iix±mganantfxKly to aporyp^ 

ID NO:2 or SEQ ID NO:4 and exposing the linked antibody to the sample such that the reporter 
systm produces a detectable r^^ 
antibody are bound together. 

Another aspect of the invention inctades a method of opting 
exhibitmg bone stimulatory activity in mammals, the method comprising the steps of: 
collecting a blood seium sample from the mammal; and 

"posing at least a portion of the sample to an antibody linked to a reporter system, wherein the 
antibody is capable of binding to a polypeptide having an aforementioned sequence such as 
one of those identified as SEQ ID NO:2 or SEQ ID NO: 4, and wherein binding of the protein 
and antibody together causes the reporter system to indicate said binding. 
The invention also includes a method of diagnosing a diseased condition such a osteoporosis in 
a mammal, the method comprising the steps of: 

collecting a blood serum sample from the mammal; 

ascertaining whether the amount of a polypeptide having the sequence of a polypeptide of having an 

aforementioned sequence, such as one of those identified as SEQ ID NO:2 or SEQ ID NO:4, 

«ceeds a predetermined level; and 

wherein a said amount of the polypeptide below the predetermined level indicates said diseased 
c ond ition. 

In ye. another aspect, the present invention include, a clnmem 
faaor comprising a polypeptide 0f> 
portion thereof; SEQ ID NO:4. or a portion thereof; or anotirer of the aforementioned sequences 
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The invention includes the use of a polypeptide having an aforementioned sequence, 
such as one of those identified as SEQ ID NO:2 or SEQ ID NO:4, for the treatment of osteoporosis or 
to promote bone growth in a mammal. 

The invention also includes a pharmaceutical composition for promoting bone growth, 
5 comprising a therapeutically effective amount of a polypeptide having an aforementioned sequence, 
such as one of those identified as SEQ ID NO:2 or SEQ ID NO:4. 

The invention includes the use of a polypeptide having an aforementioned sequence, 
such as one of those identified as SEQ ID NO:2 or SEQ ID NO:4, in the preparation of a medicament 
for use in promoting bone growth or the treatment of osteoporosis. 

10 DESCRIPTION OF THE DRAWINGS 

In the following description, reference is made to accompanying drawings, wherein, 
Figures 1 to 3 are reverse phase HPLC chromatograms of human serum fraction with 
molecular weight between 30K and 3K. A 36.4 ml volume of human serum pooled from patients with 
renal failure was used. The serum was subjected to ultrafiltration to collect a fraction with MW 
IS between 30K-3K. This fraction was concentrated to about 2 ml and loaded 3 times onto a p-*™— C8 
column (4.6 mm x 150 mm) and run in a gradient of 10 mM Tris.Cl (pH 7.2) and 10% CH 3 CN. 
There was a peak obtained at about 20% CH,CN. Peaks from all three runs were collected and 
pooled. Hie uppermost scans were taken at 214 nm. 

Figure 4 is a chromatogram showing further purification of a human serum fraction 
20 by C3 reverse phase HPLC. Hie pooled "x" peaks from Figures 1 to 3 were lyophilized and 

redissoived in 20 mM Tris.Cl (pH 7.2) and run on a Beckman C3 column (4.6 mm x 75 mm). The 
gradient condition was the same. A single resolved peak eluted at 30 min (about 25% CH 3 CN). This 
peak was collected. 

Figure 5 shows a C8 reverse phase HPLC chromatogram of a serum fraction with 
25 MW between 30K and 3K from a normal subject. Tbe whole serum was treated as before to collect 
the fraction with 30 to 3K MW. The C8 reverse phase chromatography was performed under the same 
conditions as stated in Figures 1 to 3. No material was retained by the column from the serum of the 
normal subject. 

Figure 6 shows a tricine SDS electrophoretic gel of human serum protein and 
30 polypeptide fractions of material collected at pH 9.45 on a minicolumn packed with Waters QMA anion 
exchange packing. 

Figure 7 shows a tricine SDS electrophorectic gel of human serum protein and 
polypeptide fractions of material collected at pH 9.45 according to an modified procedure. 

Figure 8 shows the bone apposition rate (pm per day) for rats injected with material 
35 from bands bands A (N«4), B (N»4), C (N-4), D (N«3), E (N=4) and F (N«4) obtained through 
the modified fractionation procedure and SDS gel electrophoresis. The error bars are ± 1 S.D. 

Figure 9 shows the bone apposition rate (jan per day) for rats injected with 25 nmol 
(N=5 in both cases) of chemically synthesized polypeptides having the sequences of NAP-2 (SEQ ID 
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NO:2) and NAP-2V (SEQ ID N0:4). respectively, ctmtpared to that of a group of control (N-5) r 
Hie error bars are ± 1 S.D. 

RESULTS INVOLVING NATURALLY OCCURRING HUMAN BONE 
STIMULATING FACTOR 

INITIAL RESULTS INVOLVING A BONE STIMULATING FACTOR IN THE LOW 
MOLECULAR WEIGHT FRACTION OF HUMAN SERUM FROM PATIENTS WITH RENAL 
INSUFFICIENCY 

Ai discussed above, human patients with renal Mure may ihow increase in bone ' 
density in the radiological examination of the skeleton. These patients, because of an impaired renal 
synthesis of 1,25 dihydroxyvitamin D, have impaired intestinal calcium absorption and often suffer 
secondary hyperparathyroidism. Further, glomerular filtration „f such patients may be reduced because 
of a reduction in the number of normal glomeruli. Many low molecular weight peptides may 
accumulate at higher than normal concentrations because of impaired glomerular filtration. ' 

Human serum was collected from patients of the Queen Elizabeth Hospital of 
Toronto, Ontario, Canada suffering from mild to nwderatery severe renal ^sufficiency. Samples were 
remains of blood taken for clinical biochemical tests. Blood urea nitrogen was over 7 mM. Some 
serum samples were also from patients with revere renal insufficiency i*riodically attending a 
hemodialysis clinic in the Western Division of the Toronto Hospital Corporation. Toronto. A total 
36.4 ml of serum was collected. 

Human control serum was obtained from 80 ml of blood taken 40 ml at a time from a 
normal human subject. After centrifugation 37.5 ml of serum were obtained and 36.4 ml was taken for 
fractionation. The pooled serum was centrifuged in a Beckman 12-21 centrifuge at 12.000 g for 30 
tninmes at 4'C. using a JA 17 rotor. PMSF (phenylmethane sulfonyl fluoride) and DTT 
(dithiomreitol) were added to give a concentration of 1 mM each. 

Serum components of molecular weights between 3.000 and 30.000 were fractionated 
bymtrafutratiomaccordmgmthemea 

application published under WO 94/20615. The final volume each of the test and control samples was 
2nd and they were eaimlyoimiliad. Each lyophilired sample was dissolved in 2.1 ml of lOmM 
Tris.a(pH7.2)andl00mMNaa. A 700 /d volume was loaded each time for filtration through a 
Hewlett Packer sample filter. A C8 column was used. The program for fractionation was as follow,. 
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Solvent A: 


Tris.Cl. 10 mM 


dH 7.2 




Solvent B: 


Acctomtrilc 






Time 


% of A % of B 


I jnTOtiAfl 
i/IUOUUU 




0* 

w 


100 


o 

V 




5' 


so 


50 


50' 


55' 


50 


50 




60' 


100 


0 


5* 


75' 




Stop 





The C8 column was a 4.6 x 150 mm analytical column from Beckman. 

10 After the C8 reverse phase chromatography, a second reverse phase chromatography 

was performed on a selected peak which had been lyophilfaed. The sample preparation, the loading 
volume, and the fractionation program were the same as for C8 reverse phase. However, this time a 
Beckman C3 column, 4.6x 75 mm was used. 

Both the test and control sera were totally run in three separate sets of loading. The 

15. final purified peaks were lyophflized for future biological activity testing. See Figures 1 to 5. 

The serum from patients ^with renal insufficiency showed many peaks in the C8 
chromatography profile. One peak eluted shortly after 22 minutes had a high 280 nm absorption 
relative to 214 nm absorption, somewhat similar to the active peak identified in the rat calcium 
deficient serum described in international patent application published under WO 94/20615. This peak 

20 was put through a second C3 reverse phase chromatography and a single distinct peak appeared in the 
second run. This final peak maierial was kept for biological testing. 

Compared with the test serum, the elution profile of the control serum was much 
simpler. No sample was taken for biological testing. 

BIOLOGICAL ACTIVITY OF HUMAN ISOLATE IN RATS 

25 MATERIALS AND METHODS 

Hie protein concentration of the test material was determined by the Belford method 
as described in international patent application published under WO 94/20615. The lyophilized 
material was dissolved in 1.8 ml of Tris.Cl (pH 7.2) and 50 mM Nad. An 80 pi volume was diluted 
to 800 pi with the same buffer and the protein concentration was measured in this diluted sample. 

30 Twelve parathyroidectomized rats were used to test the effect of the isolate on the 

bone apposition rate in rats. Their pre-PTX and post PTX serum calcium concentration were 2.57 
(S.D. 0.04) and 1.72 (S.D. 0.02) respectively. Six of die rats received the test material in 400 pi and 
six of the rats received 400 pi of carrier buffer as control. The bone mineral apposition rate was 
determined according to the same method as described in connection with material isolated from rat 

35 serum described in international patent application published under WO 94/20615. 
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The concentration of the lOx diluted ample had , concentration of 3 ug/ml. 
Therefore the total amount of peptide was about 52 «. 400 * of the undiluted material contained 
about 12 «g of peptide. Therefore each test animal received 400 * of the material intravenously. The 
bone mineral apposition rate was 1.89 /an/day (SJ). 0.13) and mat of the control group was 0.72 
5 Mm/day (S.D. 0.08). this difference being statistically significant (P<0.025). 

The results mdicate that, at least m paries 
acuve peptide of low molecular we^ 
parathyroidectomized rats. 

EariyattennKs at isolating and c^^ 
10 entity successful. Amino .cm sequencing of what was th^ 

use of get permeation enromatography and widen was ahown to increase l>o^ 
indicated that the peptide being sequenced wa, inost likdy scrum alburn^ 

PROCEDURE FOR FRACTIONATION OF HUMAN SERUM PROTEIN AND POLYPEPTIDE 
FRACTIONS WITH MOLECULAR WEIGHTS BETWEEN 3K AND 30K BY TRIONE SDS GEL 
15 ELECTROPHORESIS 

Themillimfmrationsys^ 
™er 500 ml of human serum (from Fihmionwas 
stopped when the filtrate volume reached % of the original serum volume. The filtrate was then 
ejected and «moant»ed down to 80 ml with tl« ^ ^ of filtrattcm unh and MWCO membra 

The pH of the concentrated filtrate was adjusted to about 8.8 by the addition of 
ammomum hydroxide. A 5 ml volume of Waters QMA anion exchange packing was packed into a 
mmidisposable column ^ eo^braud with ui, buffer M pH 8.8. The concentrated filtrate was 
passed through the column with a vacuum negative pressure. The filtrate was collected and its pH 
25 adjusted to 9.45 with the addition of ammonium hydroxide. Another QMA cartridge was packed and 
equilibrated with a weak a^ 

addition of acetic >cid. The filtrate eluted from the first column was passed through this mimcolumn 
Titrate was discarded. Tbe column was washed with 15 ml of water the pH of which was adjusted 
to 10 with amnumium hydroxide. Tne material retained ur the column was eluted with 3 ml of 0.1% 
30 acetic acid and lyophilized. 

The lyophilized material was dissolved in 200 ^1 of loading buffer, and kept at 60°C 
for 30 minutes prior to electrophoresis. 

For electrophoresis, a 1 mm thick. (Novex) 10 well 10% - 20% tridne gradient gel 
wastued. A 20 pi volume of the sample was loaded into each well. The ample was co-run with the 
same volume of MW marker (Novex). Hectrophoresis was carried out in a Novex gel apparatus at 
cons^ voltage of 100 V ft. 90 mmutes. The gel was sained with Coomassie blue for 2 minutesin. 
nucrowave ^^tett^^**^^ gentle shaking. Tne gel was destained 
using 50% acid methanol for 1 hour and 10% acid methanol for 4 hours. I 
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Details of the composition of the electrophoresis solutions are as follows: 
TRIQNE GEL MANUFACTURER: NOVEX 

4202 Sorrento Valley Boulevard 
San Diego, CA. 92121 



GEL SIZE: 
GEL MATRIX: 
GEL THICKNESS: 
GEL TYPE: 

SAMPLE BUFFER (2X) 



8x8cm 
Acrylamide/Bis-Aciylamide 
1.0 nun 

10 • 20% gradient 

To be diluted 1:1 with equal volume of sample in solution. 

3.0 M Tris-HCL. pH 8.45 3.0 ml 

Glycerol 2.4 ml 

SDS 0.8 g 

0.1% Coomassie Blue G 1.5 ml 

0.1% Phenol Red 0.5 ml 

De-ionized water to 10.0 ml 



RUNNING BUFFER: 



20 SAMPLE LOADING VOLUME: 20 pi 

RUNNING CONDITION: 

GEL APPARATUS: 

POWER SUPPLY: 

STAINING OF GEL: 
25 STAINING SOLUTION: 



Tris Base 

Tridne 

SDS 

De-ionized water 



Constant voltage at 100 V 

NOVEX 

NOVEX 



121 g 
179 g 
10 g 
to 1 L 



30 



35 



DESTAINING SOLUTIONS: 

SOLUTION I. 

(50% ACID METHANOL) 



SOLUTIONH. 

(10% ACID METHANOL) 



Coomassie Blue R-250 
Methanol 
Acetic acid 
De-ionized water 



Methanol 
Acetic add 
De-ionized water 



Methanol 
Acetic add 
De-ionized water to 



0.5 g 
800 ml 
140 ml 
to2L 



500 ml 
100 ml 
to 1 L 



100 ml 
70 ml 
1L 



40 



A photograph of the dectrophoretic gd obtained from the isolate from about 1000 ml 
of human serum using the foregoing procedure is shown in Figure 6. As can be seen, four major 
bands lie in the molecular weight range of 4 to 12K in the Tridne SDS dectrophoretic gd. 
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WESTERN TRANSFER FROM SDS GEL TO PVDF MEMBRANE 

A PVDF membrane (Novex) was soaked in 100% methanol for fifteen minutes, 
rinsed with transfer buffer, and soaked in the buffer for another fifteen minutes before use. 

The destained gel was rinsed two times in the transfer buffer and then soaked in the 
5 buffer for about fifteen minutes. The cathode of a Novex gel transfer unit was wetted with the buffer 
and one mesh placed on the cathode. One filter paper was laid on the mesh and the gel onto the filter 
paper. The pre-soaked PVDF membrane was placed on the gel and another piece of filter paper placed 
on the membrane. Three layers of mesh were placed on the second filter paper and the anode (pre- 
wettedin buffer) onto the top mesh. The cathode and anode of the unit were pressed together and . 
imtau^inm the trailer housing and the u^ Ttehousingwas 
filledwfth water and electrodes connected to the power supply. The transfer was carried out at a 
constant voltage of 30 V for 1H noun. 

After transfer, the membrane was washed with deionized water and dried on a shea 
of chromatography paper. 

15 The transfer buffer used in the above steps had the following composition: 12 mM 

Tris and 96 mM glycine in 20% methanol at pH 8.3. 

ISOLATION OF BANDS FROM PVDF MEMBRANE 

Bands labelled 0, 1. 2, 3 and 5 in Figure 6 were cut from the membrane. An 
additional band having a molecular weight above the molecular weight range of these bands was cut 
20 from the membrane for use as a control. 

The polypeptides were separately eluted from the bands using the following 
procedure. A band was soaked in 3 ml of 70% isopropanol and 0.156 TFA overnight at 37*C. The 
soaking solution was collected and another was added and the band soaked for another two hours at 
37«C. The two 3 ml solutions were pooled and evaporated down to about 1 ml in a Speed Vac. The 
resulting sample was then diahysed against 0. 1 % acetic acid in a micro-dialyser (Amicon 8MQ to 
remove dye and SDS. The sample volume was raised to 2 ml with 0.1% acetic acid. 

M0D f! EP PR0CEDURE F0R FACITONATION OF HUMAN SERUM PROTEIN AND 
POLYPEPTIDE FRACTIONS WITH MOLECULAR WEIGHTS BETWEEN 3K AND 30K BY 
TRICINE SDS GEL ELECTROPHORESIS 

A 1000 ml volume of human serum was filtered as described above, and concentrated 

down to 100 ml. 

The pH of the concentrated filtrate was adjusted to about 8.8 with TEAA buffer. Sg 
of Millipore AcelT QMA packing was equilibrated with 25 mM TEAA (pH 8.8). The packing was 
added to the serum extract and stirred for 15 minutes. The packing was filtered off and the filtrate 
collected. Anomer 5 g of tliesarr* packing was equilm 

added to the filtrate and stirred for 15 minute.. The packing was men tnmrferred to a deposable 
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nrinicohmm (15 ml capacity) and washed with a weak ammonia solution (pH 10.2). Polypeptides 
adsorbed to the packing were eluted with 8 ml of 0.1% acetic acid and the sample lyophilized. 

Hie lyophilized material was dissolved in 200 pi of loading buffer and treated as 
described above. Electrophoresis was carried out on a 25 pi volume of sample as described above for 
5 two hours. 

A photograph of the electrophoretic gel obtained from the isolate from about 1000 ml 
of human serum using the foregoing pro ced ure is shown in Figure 7. Six bands, labelled A to F in 
Figure 7, within the molecular weight range of 4 to 10 K were cut out and ground up and soaked in 3 
ml of 50 mM NH4HCO, and 0.1% SDS for 12 hours at 37*C. The supernatant was collected and 
10 another 3 ml of the same buffer was added to the gel and soaked for another 6 hours. The supernatant 
was pooled and dialysed against 0.1% acetic add with a MWCO membrane of IK, using the Amicon 
8MC microdialyzer. Hie final volume of die dialysed sample was adjusted to 4 ml with 0.1 % acetic 
add. 

BIOLOGICAL TESTING FOR ACTIVITY OF POLYPEPTIDES ISOLATED ACCORDING TO 

15 MODIFIED FRACTIONATION PROCEDURE 

The bone apposition rate was measured over a period of 48 hours as described above 
on six groups of rats using 1 ml of the eluted peptide. Each solution was injected intramuscularly into 
a group of animals followed by tetracycline at 24 mg per kg of bodywdght. Sections of the lower 
femoral metaphysis were used for bone apposition measurements. The results are presented in Table 

20 One and shown graphically in Figure 8. 



TABLE ONE: Comparison of the Group Arithmetic Means of Bone Apposition Rates 
Con/day) Among Groups (Bands A, B, C, D, E and F of Figure 7) 


BAND 


A 


B 


C 


D 


E 


F 


| MEAN 


0.85 


0.85 


0.91 


1.23 


0.90 


0.87 


1 S.D. 


0.02 


0.06 


0.11 


0.50 


0.11 


0.04 


In 


4 


4 


4 


3 


4 


4 | 



SEQUENCING OF MATERIAL ISOLATED FROM PVDF MEMBRANE 

The material of Band 2 shown in Figure 6, which corresponds to Band D of Figure 7 
was s eq u ence d according to standard procedures. The impimcg of the first eighteen N -terminal amino 
30 acids were found to be: Asp Ser Asp Leu Tyr Ala Glu Leu Arg Xaa Met Xaa lie Lys Thr Thr Ser Gly 
(SEQ ID NO:5), this sequence approximately corresponding with the first nineteen amino acids given 
for a variant of NAP-2, described by Walz et oi. (27), identified herein as SEQ ID NO:4 or NAP-2V, 

An analysis of total amino add content of the polypeptide isolated from human serum 
also gave good agreement with the amino add content of NAP-2V. Correspondence of all add 
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residues measured (i.e.. all residues except aspaagme. cysteine and glutamine) was within one or r 
of the expected content except for leucine, isoleucine and lysine. This is a common observation for 
leucine and isoleucine, but not for lysine. 
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20 
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ACTIVITY OF NAP-2 AND NAP-2V IN RATS 

Polypeptides having the sequences of NAP-2 (SEQ ID NO:2) and NAP-2V (SEQ ID 
NO:4) were thus dicmically synthesized directly according to standard methods and experiments were 
conducted to determine whether the chemically synthesized polypeptides displayed activity. 

Experiments were conducted simultaneously on force groups of male Spragne- 
Dawley rats, there being five rats in each group. Each rate weighed between 250 and 350 g. Each rat 
of the first group was given, by subcutaneous injection into the left gluteus maximus region, 200 ,d of 
a 1% aqueous acetic acid solution containing 25 nmol (about 191 M g) of NAP-2 (SEQ ID NO:2). 
Each rat of foe second group was similarly given 200*1 of a 1% aqueous acetic acid solu^ 
containing 25 nmol (about 207 ,xg) of NAP-2V (SEQ ID NO:4). Each m of the third group, the 
control group, was sunilariy given 200 pi of 1% acetic acid solution. 

Immediately following admmistration of the test solution, 300 pi of i 
solution of tetracycline hydrocluoridc was adnnnistered intramuscularly into the right gluteus 
maxiumus. the concetnration of tetracyline being sufficient to obtain a dosage of about 24mg/kg of rat 
body weight. A second dose of tetracydine hydrochloride solution was adnunistrered about 48 hours 
after the first dose. The rats were sacrificed about 24 hours after adntinistration of the second dose 
tetracycline. 

Sections of the lower metaphysis of the right femur were used for bone measuring the 
bone mineral apposition rate. The results obtained are summarized in Table Two and Figure 9. 



| TABLE TWO: Comparison of the Group Arithmetic Means of Bone Apposition Rates 

Gun/day) Among Groups Administered with NAP-2, NAP-2V and control 
solutions shown In Figure 9 





Control 


NAP-2 


NAP-2V j 


I] Mean 


0.99 pm/d 


1.23 pm/d 


1.28 pm/d V 


S.D. 


0.04 


0.05 


0.08 1 


N 


5 


5 


5 | 




t 


d.f. 


P || 


Control Group vs 
NAP-2 


7.91 


8 


<0.001 


Control Group vs 
NAP-2V 


7.03 


8 


<0.001 


NAP-2 vs 
NAP-2V 


1.15 


8 


>0.20 J 
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Polypeptides having the sequence of NAP-2 (SEQ ID NO:2) or of NAP-2V (SEQ ID 
NO:4) have thus been found to stimulate bone growth. 

It has been postulated that NAP-2 contains two internal disulfide bonds, between 
Cys-5 and Cys-31. and Cys-7 and Cys^7, respectively (28). By extension, NAP-2V would contain 
5 similar linkages between Cys-10 and Cys-36, and Cys-12 and Cys-52 residues, respectively. 

It will of course be understood, without the intention of being limited thereby, that a 
variety of substitutions of amino adds is possible while "preserving ■ the three-dimensional structure 
responsible for the bone stimulatory effect of die polypeptides disclosed herein. It is thus expected, for 
example, that interchange among non-polar aliphatic neutral amino acids, glycine, alanine , proline, 
10 valine and isoleodne, would be possible. Likewise, substitutions among the polar aliphatic neutral 
amino adds, serine, threonine, m ethi on i ne , cysteine, asparagine and glutamine could possibly be m ade 
This being said, the intramolecular disulfide bridges might be of importance, and if so the cysteine 
residues should probably be held intact and other amino adds capable of forming a disulfide linkage 
not be substituted elsewhere in the sequence. Substitutions among the charged acidic amino adds, 
15 aspartic acid and glutamic add, could probably be made, as could substitutions among the charged 
basic amino adds, lysine and arginine. Substitutions among the aromatic amino adds, including 
phenyalanine, histidine, tryptophan and tyrosine would also likely be possible. These sorts of 
substitutions and interchanges are well known to those skilled in the art. Other substitutions might wdl 
be possible. It is thought thai a peptide having an amino acid sequence with about 50% homology or 
20 more with either of the sequences identified as SEQ ID NO:2 or SEQ ID NO:4 may well retain pan or 
all of the bone stimulating activity of the NAP-2/NAP-2V sequence. In the context of this invention, a 
peptide containing an amino add sequence that can be aligned with, for example, that of SEQ ID NO:4 
such that at least about 50% of individual amino add residues of the NAP-2V sequence are conserved, 
allowing for a limited number of insertions or deletions between aligned sequences, would meet this 
25 criterion. Of course, it would also be expected that the greater percentage of homology, say 60%, 
70%, 80%, 90%, or more, could increase the degree of retained bone stimulating activity. 

Insofar as deletion of one or more amino adds is concerned, it is likdy that deletions 
of a small number of amino acids from each end of the sequence might be possible, this already having 
been shown for the N-tenninus of NAP-2V. Further, symmetrical, or nearly symmetrical ddetions 
30 would likdy be the most possible to be made while retaining the three-dimensional configuration. 
Internal ddetions, although likdy to be possible to some limited extent, should be few, and should 
probably amount to no more than about five amino adds. 

Additions of amino adds could very likdy be made at the ends of the sequence, and 
as with deletions, symmetrical or nearly symmetrical additions to the carboxy and amino terminals are 
35 likdy to be possible. Internal additions, although likdy to be possible to some limited extent, should 
be few, and should probably amount to no more than about five amino adds, and preferably fewer. 

Of the above-listed modifications to the sequence, terminal additions, ddetions or 
substitutions are most likdy to be most useful, as such a modification can serve a variety of functions: 
an identifying group as for use in a radioimmunoassay; or a linking group, as examples. 
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Compounds used according to ^ ^ admini ^ ^ oeaoMnt ^ ^ 

pn^bone growth, in the ^ of ostcoporM , for ^ ^ ^ ^ ^ ^ 
preferred routes are suitable for delivery of polypeptide compounds to the bloodstream of. 
5 ^d^." PKTCr St0n8C ^ ^ Po^tidcs such » those 

Tiddly dosage W ^ m ±* «, ^ ^ ^ 

m the above examples involving NAP . 2 ^ NAP _ 2 v> 

bodyweight of rat subject was used per administration. In m^ri^ , . ^ 
««„™i au j •« j «u«iiiOTTOon. m practice, particularly as human subjects axe 

^cerned the d^y dosage may we^^ 

per day . dependmg upon the route of administration, convenience, and the variation of 
effectiveness of treatment with frequency of and amount used per administration. 

15 NAP2V etc ^^J^ « *> conmounds. „tch „ NAP-2. 

NAP-2V, etc.. m the manufacture or preparation of formulations, and especially pharmaceutical 

invention also provides the pharmaceutical formulations for such use. themselves 
IWceuticalprepar^onsindudeanyof^ 

20 j ^ kMMM ^ jW ^ to ^ for ^^^«dy, 

zo treatment of osteoporosis. 

react deleteriously with the compounds. 

Method, of treatment within the scope of this invmion also indude the use of 
^logically acceptable salts of the compounds defined withm the cbtims. for example, those derived 
from morganic adds such as hydrochloric, sulphuric, phosphoric acid, etc 

' Thedosageofanyoneorn^ofu^conmoundswmdep^ 
mcludmg the specific compound or combination of compounds being utilized, the mode of 

Dosages of. p^comp^ 
compounds can be determined using conventional considerations; for example, by customary 

^^ropr^ph^^^^, fo r example, none denshy of ^ecut 
measured over time 
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Id one embodiment, the pharmaceutical formulation is administered intravenously 
once per day in unit doses comprising NAP-2V (or alternatively, NAP-2) in the range of 0.1 to 10 mg 
per kg of bodyweight. 

The polypeptides disclosed herein can be used to obtain antisera thereto (29), this 
5 apparently having been accomplished at least for the polypeptide having the sequence of CTAP-m 
(SEQ ID NO:3) (28). Methodology and products can be developed using an antibody to a polypeptide 
for use in detecting the polypeptide with which the antibody binds. 

For example, an antibody can be linked to or conjugated with a reporter system which 
is set up to indicate positively binding of the polypeptide to the antibody. Well known reporter systems 
10 include radioimmuno assays (RIAs) or imzmmoradiometric assays (IRMAs). Alternatively, an 
enzyme-linked immunosorbent assay (HI ISA) would have in common with RIAs and IRMAs a 
relatively high degree of sensitivity, but would generally not rely upon the use of radioisotopes. A 
visually detectable substance may be produced, or at least one detectable in a spectrophotometer. An 
assay relying upon fluzoescence of a substance bound by the enzyme being assayed could be used. It 
15 will be appreciated that there are a number of reporter systems which may be used, according to the 
present invention, to detect die presence of a particular polypeptide. With standardized sample 
collection and treatment, polypeptide presence above a threshold amount in blood serum could well be 
determined. 

Such a method based on antigenic response to NAP-2 (SEQ ID NO:2) or NAP-2V 
20 (SEQ ID NO:4) could be developed. Variants of the polypeptide obtained, as described above for 
amino acid subsitution, deletion and addition, (and conjugates) could then be pre-screeued as potential 
bone stimulating factors. Those that react positively with the antibody to the already known peptide 
could then be tested for bone stimulatory effects in vivo using the system described herein for rats, for 
example. 

25 Such an antibody-linked reporter system could be used in a method for determining 

whether blood serum of a subject contains a deficient amount of the polypeptide. Given a normal 
threshold concentration of such a polypeptide in blood serum of a given type of subject, test kits could 
thus be developed. 

A further advantage may be obtained through chimeric forms of the protein, as known 
30 in the art. A DNA sequence encoding the entire protein, or a portion of the protein, could thus be 
linked with a sequence coding for the C-terminal portion of £. coU 8-galactosidase to produce a fusion 
protein, for example. An expression system for human respiratory syncytial virus glycoproteins F and 
G is described in United States Patent No. 5,288,630, issued February 22, 1994, and references died 
therein, for example. 
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Sequence Listing 



(i) APPLICANT: 

(A) NAME: OSTEOPHARM LIMITED 

(D) PROVINCE: Ontario 
<B) COUNTRY: CA 

(F) POSTAL CODE (ZIP) : M9W 6J6 

(A) NAME: TAM, Cherk Shing 

(B) STREET: 1072 Rectory Lane 

(C) CICTj QaJcville 

(D) PROVINCE: Ontario 
(B) COUNTRY: CA 

(P) POSTAL CODE (ZIP) : L6M 2B7 
(ii) TITLE OF INVENTION: BONE STIMULATING FACTOR 
(iii) NUMBER OF SEQUENCES: 5 
(iv) COMPUTER READABLE FORM: 

(v) CURRENT APPLICATION DATA i 
<mJ1 APPLICATION NUMBER: 
(vi) PRIOR APPLICATION DMA: 

{»! 5£^CATION NUMBERr US 08/229,009 

(B) FILING DATE: 18-APR-1994 

(2) INFORMATION FOR SEQ ID NO:l 

(i) SEQUENC E CHA RACTERISTICS: 

(A) LENGTH: 81 amino aicds 

(B) TYPE: am*TK > acid 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 
Gly Lys Glu Glu S« Leu Asp Ser Asp Leu Tyr Ala Glu Leu Arg Cys 

Mat Cys lie Lye Thr Thr Ser Gly lie His Pro Lys Asn lie Gin Ser 

25 30 

Leu Glu Val lie oiy Lys Gly Thr Hia Cys Asn Gin Val Glu VI lie 

40 45 

JO. Jhr Leu Lye Asp Gly x,ye a. Cys Leu Aap Pro Asp Ala Pro 

" 60 
Arg He Lys Lys lie Val Gin Lye Lys Leu Ala Gly Asp Glu Ser Al. 



Asp 



7 « 80 
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(2) INFORMATION FOR SEQ ID NO:2 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 70 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2 

Ala Glu Leu Arg Cys Met Cys He Lys Thr Thr Ser Gly He Hie Pro 
15 10 is 

Lys Asn He Gin Ser Leu Glu Val He Gly Lys Gly Thr Bis Cys Asn 
20 25 30 

Gin Val Glu Val He Ala Thr Leu Lys Asp Gly Arg Lys He Cys Leu 
35 40 .45 

Asp Pro Asp Ala Pro Arg He Lys Lys He Val Gin Lys Lys Leu Ala 
50 55 60 

Gly Asp Glu Ser Ala Asp 
€5 70 

(2) INFORMATION FOR SEQ ID NO: 3 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 85 amino acid s * 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 

Asn Leu Ala Lys Gly Lys Glu Glu Ser Leu Asp Ser Asp Leu Tyx Ala 
15 io is 

Glu Leu Arg Cys Met Cys lie Lys Thr Thr Ser Gly He His Pro Lys 
20 25 30 

Asn He Gin Ser Leu Glu Val He Gly Lys Gly Thr His Cys Asn Gin 
35 40 -45 

Val Glu Val He Ala Thr Leu Lys Asp Gly Arg Lys He Cys Leu Asp 
50 55 60 

Pro Asp Ala Pro Arg He Lys Lys He Val Gin Lys Lys Leu Ala Gly 
65 70 75 80 

Asp Glu Ser Ala Asp 
85 
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(2) INFORMATION FOR SEQ ID NO: 4 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 75 amino acids 
<B) TYPE: amjno acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4 
Asp Ser Asp Leu Tyr Ala Glu Leu Arg Cys Met Cys lie Lys Thr Thr 



15 



Ser Gly n e ais Pro Lys Asa lie Gla Sar Leu oi u Val a. Gly Ly8 
Gly Thr His cys Asa Ola Val Glu Val lie Al. Thr Leu Lys" Asp Gly 

Arg Lys He Cys Leu Asp Pro Asp Ala Pro Arg He Lys Lys lie Val 

60 

Gin Lys Lys Leu Ala Gly Asp Glu Ser Ala Asp 



70 75 



(2) INFORMATION FOR SEQ ID NO: 5 

(i) SEQUENCE CHA RACTERISTICS; 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

Asp Ser Asp Leu T*r Ala Glu Leu Arg Xaa Met Xaa He Lys Thr Thr 

10 15 

Ser Gly 
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CLAIMS 

1. A method of increasing bone growth in a mammal by administering a therapeutically 
effective amount of a polypeptide having the amino acid sequence Asp-Ser-Asp-Leu-Tyr- 
Ala^lu-lxu-Ajg-Cys-Met^s-De-Lys-Tto 

5 Leu^lu-Val-De^ly-Lya^ly-^ 

Asp^ly-Arg-Lya-De^s^jeu-Asp-Pro-^^ 

Lys-Leu-Ala-Gly-Asp-Glu-Ser-Ala-Asp or the amino add sequence Ala-Glu-Leu-Arg- 
Cys-Met<^s-ne-Lys-Tlff-Thr^ 
Gly4#a^ly-Thr-His^s-Am^ 
10 D©<^s-Leu-Asp-Pii>-Asp-Ala-Pio-Arg-ne-Lys-Lys-n 
Asp-Glu-Ser-Ala-Asp. 

2. A method of increasing bone growth in a mammal by administering a therapeutically 
effective amount of a polypeptide having die amino acid sequence Asp-Ser-Asp-Leu-Tyr- 
Ala<51u-i^-Arg<^Met<^I^ 

15 Leu^hiAral-ne^ly4,ys^ty^ 
Asp^ly-Arg-Lys-De-C^^ 

LyS'Leu-Ala-Gly-Asp-Glu-Ser-Ala-Asp, Ala^Iu-Leu-Aig^s-Met<^Ile-Lys-Thr-TTir. 
Ser^ly-De-Hb-Pio^ors-^ 
Gln-VaWlu-Val-Ee-AlarThr^^ 
20 Pro-Arg-De4,ys-Lys-ne-Val^^ a portion 

of one of said sequences capable of increasing bone growth, or a combination thereof. 

3. A method of increasing bone growth in a mammal by administering a therapeutically 
effective amount of a polypeptide having the amino acid sequence as depicted by SEQ ID 
NO:2, SEQ ID NO:4 t or having an amino acid sequence sufficiently duplicative thereof 

25 to be capable of increasing bone growth in the mammal; or a combination of said 

polypeptides. 

4. A method of increasing bone growth in a mammal by administering a therapeutically 
effective amount of a polypeptide having an amino acid sequence having at least about 
50% homology with SEQ ID NO: 2 V SEQ ID NO:4, or a combination thereof. 

30 5. The method of inc reasing bone growth in a tnammai according to claim 4 wherein the 
amino add sequence has at least about 60% homology with SEQ ID NO; 2 or SEQ ID 
NO:4. 

6. The method of increasing bone growth in a mammal according to claim 5 wherein the 
amino acid sequence has at least about 70% homology with SEQ ID NO:2 or SEQ ID 

35 NO:4. 

7. The method of inc reasing bone growth in a mammal according to claim 6 wherein the 
amino acid sequence has at least about 80% homology with SEQ ID NO:4. 
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8. The memod of increasing bone growth in a mammal according to claim 7 wherein the 
amino acid sequence has at least about 90% homology with SEQ ID NO:2 or SEQ ID 
NO:4. 



9. 



10 



15 



10. 



20 



11. 



25 



12. 



30 



13. 



35 



A method of increasing bone growth in a mammal by administering a therapeutically 

effective amount of a polypeptide having the ammo acid sequence Asp-Ser-Asp-Leu-Tyr- 

Al*Glu-l«-Arg^s-M«^Ile-Ly^^^ 

Ixu^lu-Val-ne^ly-Lys^^^ 

Asp^ty-Arg-Lys-ne^Ixa-A^ 

Lys-Lea-Ala^ly-Asp^lu-Scr-Ala-Asp, analogue* thereof wherein the amino acids in the 
sequence may be substituted, deleted or added, so ltmg « the bote sttamla^ 
mammals derived from the three dimensional conformation of the sequence is preserved, 
conjugates of the polypeptide or analogues thereof; the amino acid sequence Ala^Jlu-Leu- 
Aig^Met^IIe-Lys-Thr-llu^^ 
n^ly-Lys^ly-Tnr-Hi^ 

Lys-ne^-Leu-Asp-Pro-As^Aia-Pro-Arg-ne-Lys-Lya-De-V^ 
Gly-Asp<nu-Ser-Ala-Asp, analogues thereof, conjugates of the polypeptide or analogue* 
thereof; or a combination thereof. 

A method for determining the presence of a polypeptide that increases bone growth to a 
manmial m a fluid sampte of a inanmial. com^ 

of claim 1 to a reporter system and exposing the linked aimTwdy to the sampte such that 
the reporter system produces a detectable response when a piedetennmed anK^ 
polypeptide and the antibody are bound together. 

A method for determining the presence of a polypeptide mat increases bone growth in a 

mammal in a fluid sample of a mammal, conmrismg linkhig an antib^ 

of claim 2 to a reporter system and exposing the linked amibody to the saimrf^ 

the reporter systm produces a detectable 

polypeptide and the antibody are bound together. 

A method for deterniining the presence of a polypeptide that increases bone growth in a 

mammal ma fluid sample of a mammal, ctmnmsin^ 

of claim 3 to a reporter system and apoamg the Imked annlwdy to 

the reporter system produces a detectable resptmse when a predetennmed amoum of the 

polypeptide and the antibody are bound together. 

A method for determining the presence of a polypeptide that increases bone growth in a 
manunal to a fluid aanmte of a inanm^ 
of dam 4 w a rejiorter system and exposh« 
the reporter system produces a detectable respo^ 
polypeptide and the antibody are bound together. 
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. A method for determining the presence of a polypeptide that increases bone growth in a 
mammal in a fluid sample of a mammal, comprising linking an antibody to a polypeptide 
of claim 5 to a reporter system and exposing the linked antib ody to the sample such that 
the reporter system produces a detectable response when a predetermined amount of the 
polypeptide and the antibody art bound together. 

A method for determining the presence of a polypeptide that increases bone growth in a 
mammal in a fluid sample of a mammal, comprising linking an ant ibod y to a polypeptide 
of claim 6 to a reporter system and exposing the linked antibody to the sample such that 
the reporter system produces a detectable response when a predetermined amount of the 
polypeptide and the antibody are bound together. 

A method for determining the presence of a polypeptide that increases bone growth in a 
mammal in a fluid sample of a mammal, co m p r ising ifairf^g an antibody to a polypeptide 
of claim 7 to a reporter system and «T*njng the linked antibody to the sample such that 
the reporter system produces a detectable response when a predetermined amount of the 
polypeptide and the antibody are bound together. 

A method for determining the presence of a polypeptide that increases bone growth in a 
mammal in a fluid sample of a mammal* oompi i sing linking an antibo dy to a polypeptide 
of claim 8 to a reporter system and exposin g the linked antibody to the samp le such that 
the reporter system produces a detectable response when a predetermined amount of the 
polypeptide and the antibody are bound together. 

A method for determining the presence of a polypeptide that increases bone growth in a 
mammal in a fluid sample of a mammal, comprising linking an antibody to a polypeptide 
of claim 9 to a reporter system and exposing the linked antibody to the sample such that 
the reporter system produces a detectable response when a predetermined amount of the 
polypeptide and the antibody are bound together. 

A method of detecting the presence of a protein exhibiting bone stimulatory activity in 
mammals, the method comprising the steps of: 
collecting a blood serum sample from the mammal; and 

exposing at least a portion of the sample to an antibody linked to a reporter system, 
wherein the antibody is capable of binding to a polypeptide having the sequence of a 
polypeptide of claim 1 and wherein binding of the protein and antibody together 
causes the reporter system to indicate said binding. 

A method of detecting the presence of a protein exhibiting bone stimulatory activity in 

mammals, the method comprising the steps of: 

collecting a blood serum sample from the mammal ; and 

exposing at least a portion of the sample to an antibody linked to a reporter system, 
wherein the antibody is capable of binding to a polypeptide having the sequence of a 
polypeptide of claim 2 and wherein binding of the protein and antibody together 
causes the reporter system to indicate said binding. 
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21. 



22. 

10 



15 23. 



A method of detecting the presence of a protein exhibiting bone stimulatory activity in 
mammals , the method comprising the steps of: 
collecting a blood serum sample from the mammal ; and 
exposing at least a portion of the sample to an antibody linked to a reporter system, 
wherein the antibody is capable of binding to a polypeptide having the sequence of a 
polypeptide of claim 3 and wherein binding of the protein and antibody together 
causes the reporter system to indicate said binding. 
A method of detecting the presence of a protein exhibiting bone stimulatory activity in 
mammals, the method comprising the steps of: 
collecting a blood serum sample from the mammal; and 
expose at least a ixaticm of uw sana* 
wherem the saibody fa e^le of bmdm^ 

polypeptide of claim 4 and wherein binding of the protein and antibody together 
causes the reporter system to indicate said binding. 
A method of detecting the presence of a protein exhibiting bone stimulatory activity in 
mammals, the method comprising the steps of: 
collecting a blood serum sample from the mammal ; and 

exposing at least a portion of the sample to an antibody linked to a reporter system, 
wherein the antibody is capable of binding to a polypeptide having the sequence of a 
polypeptide of claim 3 and wherein binding of the protein and antibody together 
causes the reporter system to indicate said binding. 
A method of detecting the presence of a protein exhibiting bone stimulatory activity in 
mammals , the method comprising the steps of: 
collecting a blood serum sample from the mammal; and 
exposir^atleaataponiraofthesanmktoanantiba^ linked to a reporter system, 
wherein the antibody is capable of binding to a polypeptide having the sequence of a 
polypeptide of chum 6 and wherein binding of the protein and antibody together 
causes the reporter system to indicate said binding. 
A method of detecting the presence of a protein exhibiting bone stimulatory activity in 
30 mammals, the method comprising the steps of: 

collecting a blood serum sample from the mammal; a nd 

exposing at least a portion of the sample to an antibody linked to a reporter system, 
wherem the amfl»dy is capable of bindm^ 
porypeptide of claim 7 and whereto 

the reporter system to indicate said binding. 
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A method of detecting the presence of a protein exhibiting bone stimulatory activity in 
mammals, the method comprising the steps of: 
collecting a blood serum sample from the mammal ; and 

exposing at least a portion of the sample to an antibody linked to a reporter system, 
wherein die antibody is capable of binding to a polypeptide having the sequence of a 
polypeptide of claim 8 and wherein binding of the protein and antibody together 
causes the reporter system to indicate said b inding 

A method of detecting die presence of a protein exhibiting bone stimulatory activity in 

mammals, the ^rthftri comprising the steps of: 

collecting a blood serum sample from the mammal; and 

exposing at least a portion of the sample to an antibody linked to a reporter system, 
wherein die antibody is capable of binding to a polypeptide having the sequen ce of a 
polypeptide of claim 9 and wherein binding of the protein and antibody together 
causes the reporter system to said binding. 

A method of diagnosing a diseased condition such as osteoporosis in a mammal, the 

method comprising the steps of: 

collecting a blood serum sample from the mammal; 

ascertaining whether the amount of a polypeptide having the sequence of a polypeptide of 

claim 1 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the pre-detennined level indicates said 

diseased condition. 

A method of diagnosing a diseased condition such as osteoporosis in a mammal, the 

method comprising the steps of: 

collecting a blood serum sample from the mammal; 

ascertaining whether die amount of a polypeptide having the sequence of a polypeptide of 

claim 2 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the pre-detennined level indicates said 

diseased condition* 

A method of diagnosing a diseased condition such as osteoporosis in a mammal, th e 

method cornp rising the st ep s of: 

collecting a blood serum sample from the mammal; 

ascertaining whether the amount of a polypeptide having the sequence of a polypeptide of 

claim 3 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the pre-detennined level indicates said 

■fl fffl ifi fl condition. 
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A method of diagnosing a diseased condition such as osteoporosis in a mammal, the 

me th o d comprising the steps of: 

collecting a blood serum sample from the mammal; 

ascertaming whether the amount of a polypeptide having the sequence of a polypeptide of 

claim 4 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the pre-d«ennined level indicates said 

diseased condition. 

A method of diagnosing a diseased condition such as osteoporosis in a mammal, the 

method comprising the steps of: 

collecting a blood serum sample from the mamma l; 

ascertaining whether the amount of a polypeptide having the sequence of a polypeptide of 

claim 5 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the predetennined level indicates said 

diseased condition. 

A method of diagnosing a diseased condition such as osteoporosis in a mammal, the 
method comprising the steps off ..... 
collecting a blood serum sample from the mammal ; 
ascertaining ^eto 

claim 6 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the predetermined level indicates said 

diseased condition. 

A method of diagnosing a diseased condition such as osteoporosis in a mammal, the 

method comprising the steps of: 

collecting a blood serum sample from the mammal ; 

ascertaining whether the amount of a polypeptide having the sequence of a polypeptide of 

claim 7 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the predetermined level indicates said 

diseased condition. 

A method of diagnosing a diseased condition such as osteoporosis in a mammal, the 

method comprising the steps of: 

collecting a blood serum sample from the mammal ; 

ascertaining whether the amount of a polypeptide having the sequence of a polypeptide of 

claim 8 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the predetermined level indicates said 

diseased condition. 
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36. A method of diagnosing a diseased condition such as osteoporosis in a mammal , the 
method comprising the steps of: 
collecting a blood serum sample from the mammal; 

ascertaining whether the amount of * polypeptide having the sequence of a polypeptide of 

claim 9 exceeds a predetermined level; and 
wherein a said amount of the polypeptide below the pic-deter mined level indicates said 
diseased condition. 

37. The method of any of claims 28 to 35 wherein a reporter system is linked to an antibody 
of said polypeptide and the ascertaining step includes exposing at least a portion of the 
sample to the antibody, wherein binding of the polypeptide and antibody together causes 
the reporter system to indicate said binding. 

38. The method of any of claims 28 to 35, farther comprising die step of iso lating a protein 
fraction of the sample and removing proteins having molecular weights greater than about 
30,000 daltons prior to ascertaining die amount of the polypeptide. 

IS 39. A chimeric bone stimulating factor comprising a polypeptide having the amino add 
sequence set forth in SEQ ID NO:2, or a portion thereof. 

40. A chimeric bone stimulating factor comprising a polypeptide having the amino add 
sequence set forth in SEQ ID NO:4, or a portion thereof. 

41. A c him e ri c bone stimulating factor c ompri sing a polypeptide of claim 1; or a portion 
20 thereof. " 

42. A chimeric bone stimulating factor comprising a polypeptide of claim 2; or a portion 
thereof. 

43. A chimeric bone stimulating factor comprising a polypeptide of claim 3; or a portion 
thereof. 

25 44. A chimeric bone s timulating factor comprising a polypeptide of claim 4; or a portion 
thereof. 

45. A chimeric bone stimulating factor comprising a polypeptide of claim 5; or a portion 
thereof. 

46. A chimeric bone stimulating factor comprising a polypeptide of claim 6; or a portion 
30 thereof. 

47. A chimeric bone stimulating factor comprising a polypeptide of claim 7; or a portion 
thereof. 

48. A chimeric bone s timulatin g factor comprising a polypeptide of claim 8; or a portion 
thereof. 

35 49. A chimeric bone stimulating factor comprising a polypeptide of claim 9; or a portion 
thereof. 

50. Hie use of a polypeptide of claim 1 for the treatment of osteoporosis. 

51. Hie use of a polypeptide of claim 2 for the treatment of osteoporosis. 

52. The use of a polypeptide of claim 3 for the treatment of osteoporosis. 



35 



54 

55. 



WO 95/28172 

PCT7CA93/00205 

30 

53. of .polypeptide of claim4 for the u^ 

The use of a polypeptide of claim 5 for the ataman of osmoporosis. 
The use of a polypeptide of claim 6 for the twnmm of osteoporosis. 
56. Tlieua of a polypeptide of claim 7 for the 
5 57. The use of a polypeptide of daim 8 for the treatment of osteoporosis. 

58. The use of a polypeptide of claim 9 for the treamxm of osteoporosis. 

59. The use of a polypeptide of damil to promote boi« 

<0. The me of. polypeptide of claim2topromote bone gro^ 
61. The use of .polypeptide of clato3topnnnoteb<^ 
10 62. The use of. polypeptide ofdaim 4 to pnmxne bone p 

63. Theuseofa polypeptide of claim 5 to promote bone growth in ,n«nmal. 

64. 11»»of»polyi^ofcWm6toiwrtb6« 

65. The use of .polypeptide of claim7topromc te b<m C gr^ 

66. Ttauaeof.porypeptMeofcWmStt.pjoiD^ 

15 67. Vmm»^uf^^^^ 9utl ^^^^^ mmmdm 

68. A pharmaceutical *^'Tl ff Hiwi miiiiiuili,^ fuik *. ■ . i . 

♦mumnMi iH m,, , ,!!!, BflBKgBBWB^ ***p*prii i irtg n thc sap e ntte ally 

69. AiAmmaceiiticrieoiinio^ 
effective amount of .polypeptide of dun 2. 

A pharmaceutical composition for promoting bone growth, comprising a therapeutically 
effective amount of . polypeptide of ctofan 3 

A pharmaceutical composition for promoting bone growth, comprising a therapeutically 
effective amount of a polypeptide of claim 4. 

72. A phannacentical composition for promoting bone growth, comprising a therapeutically 
25 effective amount of a polypeptide of claim 5. 

73. A pharmaceutical composition for promoting bone growth, comprising a therapeutically 
effective amount of a polypeptide of claim 6. 

A pharmaceutical composition for promoting bone growth, comprising a therapeutically 
effective amount of a polypeptide of claim 7. 

A pharmaceutical composition for promoting bone growth, comprising a therapeutically 
effective amount of a polypeptide of claim 8. 

A pharmaceutical composition for promoting bone growth, comprising a therapeutically 
effective amount of a polypeptide of claim 9. 
77. The use of. polypeptide having,,* 
n^dican^ for use m promoting b^ 
The use of. polypeptide having. ,e^ 
medicamm for use fopromotmg bone gr^ 
^n*of«polypepti* 

forusefopromoungbonegrowtoortte 
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The use of a polypeptide having a sequence according to claim 4 in the preparation of a 
medicament for use in promoting bone growth or the treatment of osteoporosis* 

81. The use of a polypeptide having a sequence according to claim 5 in the preparation of a 
medicament for use in promoting bone growth or the treatment of osteoporosis. 

82. The use of a polypeptide having a sequence according to claim 6 in the preparation of a 
medicament for use in promoting bone growth or the treatment of osteoporosis. 

83 . The use of a polypeptide having a sequence according to claim 7 in the preparation of a 
medicam e nt for use in promoting bone growth or the treatment of osteoporosis. 

84. Hie use of a polypeptide having a sequence according to claim 8 in the preparation of a 
medicament for use in promoting bone growth or the treatment of osteoporosis. 

85. The use of a polypeptide having a sequence according to claim 9 in the preparation of a 
medic ame nt for use in promoting bone growth or the treatment of osteoporosis. 



WO 95/28172 



PCT/CA9S/0020S 



1/7 




TIME (min) 



FIG. 1 



WO 95/28172 



PCT/CA95/00205 



217 




- TIME (mln) 
RG. 2 



0.35 



)nm) 


0.30- 


0.25 • 


CO 

CM 


0.20- 


•9 




B 


0.15- 


(214w 


0.10 • 


ABS 


0.05- 



•0.05 




t 1 r 

20 40 
TIME (mln) 



RG. 3 



WO 95/28172 



PCT/CA95/0020S 



3/7 



CO 

a 
< 




0 10 20 30 40 50 60 70 80 90 
TIME (min) 

RG. 4 



E 
c 
o 

CO 

SL 

CO 

m 
< 




WO 95/28172 



PCT/CA95/00205 



4/7 




FIG. 6 



SUBSTITUTE SHUT 



WO 95/28172 



PCT/CA95/D0205 

i 



5/7 




FIG. 7 



SUBSTITUTE SHEET 



